A technique for the mechanical isolation of granulosa cells from the rat ovary is described. Cyclic AMP formation by the isolated granulosa cells of the follicles in various stages of development was studied in response to the administration in vitro of gonadotrophins. In granulosa cells from small to medium-sized follicles FSH but not LH stimulated cAMP formation, while in cells from pre-ovulatory follicles both gonadotrophins had a stimulatory effect. The 
were not. Addition of the phosphodiesterase (PDE) inhibitor, aminophylline, augmented the effects of gonadotrophins on cAMP formation (Kolena & Channing 1972 ) while aminophylline alone had no effect. In a subsequent study by the same group (Channing 1973 (Channing , 1974 , the size of the follicles from which the granulosa cells were isolated was investigated. It was found that cells from small and medium-sized follicles contained less cAMP when com¬ pared to cells isolated from large follicles. Furthermore, the stimuatory effect of LH was most pronounced in cells from large follicles. The increased sensi¬ tivity to LH has been ascribed to the development of LH receptors on the surface of the granulosa cells (Rajaniemi 8c Vanha-Perttula 1972; Nimrod et al. 1976; Zeleznik et al. 1974 ; Lee 1976 ).
The present study describes a new technique for the mechanical isolation of morphologically and functionally well-preserved granulosa cells. Using this cell suspension, experiments were undertaken to analyse further the influence of LH and FSH on cAMP formation in granulosa cells isolated from rat ovarian follicles at various stages of development. The rat model was chosen because it allows a more exact control of the endocrine situation of the donor animal as compared to many other species.
MATERIAL AND METHODS
Sprague-Dawley rats obtained Irom Anticimex Ltd., Sweden were kept in rooms with constant temperature (24-26°C) and humidity (50-55°/o). They were exposed to 14 h of controlled illumination starting at 6 a. m. The rats were fed a standardized pellet diet and water ad libitum. Twenty h prior to the start of the experiments the animals were deprived of food.
Isolated granulosa cells were obtained either from ovaries of 25-day old immature rats or from 32-day old rats pre-treated with a single subcutaneous injection of PMSG (10 IU) in the morning (8 a.m.) of day 30. This treatment leads to the development of 13-17 pre-ovulatory follicles/rat, and an endogenous LH peak between 5-8 p.m. on day 32, with ovulation occurring in the early morning of day 33 (for details see Fuxe et al. 1972; Hillensjö et al. 1974 ).
Isolation procedure
The rats were killed by cervical fracture and the ovaries immediately removed and placed on ice in a Krebs bicarbonate buffer (see composition below). Using a stereomicroscope, the ovaries were trimmed of extraneous tissues and bursae. The ovaries were transferred to a hollow glass cup containing chilled buffer without substrate. The follicles were punctured by means of stainless steel needles in order to release the granulosa cells into the medium. In ovaries from the 25-day old rats, the larger fol¬ licles (diameter varying between 100-400 ,«ra) were punctured, while in those from 32-day old rats only the pre-ovulatory follicles (diameter approximately 600 jum) were punctured (Fig. 1) After 5 min of "pre-incubation", the gonadotrophins were added and the tubes aerated once more. In longer incubation experiments the tubes were aerated every second hour.
Following incubation, the cells and the medium were chilled immediately; trans¬ ferred to glass homogenizers, and homogenized at a final trichloroacetic acid concen¬ tration of 5 fl/o. Protein was determined according to Lowry et al. (1951) and cAMP according to Gilman (1970) . The separation of the cells and the medium after incuba¬ tion but before the determination of cAMP in a small number of initial experiments ( In the present study aliquots of granulosa cells from 25-and 32-day old rats were first counted and thereafter taken for protein determinations. It was then found that although the cellular diameters of the two types of granulosa cells were similar (see Fig. 2 cAMP content (tissue + medium) in granulosa cells isolated from small and mediumsized follicles from 25-day old untreated rats. There are 4-5 observations in each group. The hormones were added after 5 min pre-incubation and the cells incubated for 60 min. The effects of FSH at 1, 10 and 100 ug/ml are significant (P < 0.01).
Vertical lines above the bars indicate sem. figure. hibitor IBMX (Fig. 4) . Due to the continued degradation of cAMP in the ab¬ sence of IBMX, time curves for the effects of the gonadotrophins were calcu¬ lated as a per cent of the respective controls. Fig. 5 Fig. 7 . îulosa cells from pre-ovulatory follicles isolated endogenous LH peak. The cells were incubated IBMX (0.2 mM). After 2 and 4 h incubation of FSH but no effect with LH (compare Fig. 6 cubations in the absence, of IBMX).
In one series of experiments granulosa cells were isolated and taken for immediate determination of cAMP content before, during and after the endo¬ genous LH-FSH peak on day 32. The endogenous LH peak in the PMSG model used occurs between 5 and 8 p. m. (Hillensjö et al. 1974) . A small but signi¬ ficant rise in the cAMP levels of granulosa cells was registered when the cells were isolated in the evening following the endogenous LH-FSH peak (Table 2) . Table 3 , the control levels correspond to only 5-10 % of the levels obtained when both tissue and medium are determined for cAMP (compare Table 1 and Fig. 5 ). The lack of responsiveness to LH in granulosa cells from immature ovaries and the stimulatory effect by the gonadotrophic hormone in cells isolated from pre-ovulatory follicles is in accordance with the findings obtained when both medium and tissue cAMP were determined. DISCUSSION FSH but not LH stimulated the formation of cAMP in granulosa cells from ovaries of untreated immature rats. This difference in effects has been attri¬ buted to the presence of FSH receptors and the lack of LH receptors in gra¬ nulosa cells mainly found in small and medium-sized follicles (Midgley 1973; Nimrod et al. 1976 ). In studies on porcine granulosa cells from follicles with a diameter of 3-5 mm (Kolena 8c Channing 1971 (Fuxe et al. 1972; Hillensjö et al. 1974) . Gra¬ nulosa cells isolated 5-7 h prior to the endogenous LH-FSH peak have a more pronounced PDE activity than granulosa cells from ovaries of immature rats (compare Table 1 and Fig. 4 ). The addition of 0.2 mM IBMX partially blocked the PDE activity during at least 4 h incubation. In the absence of a PDE inhibitor both LH and FSH had stimulatory effects on cAMP formation al¬ though the effect of FSH seemed more pronounced at the maximal concentra¬ tions of both gonadotrophins (Fig. 5) In an earlier publication from this laboratory, Nilsson et al. (1975) found a small rise in cAMP levels of whole ovaries after the endogenous LH-FSH peak in the afternoon of day 32 in the same PMSG model which we have used in the present study. A small but significant increase of the same magnitude as for the whole ovary was found in granulosa cells isolated after the LH-FSH peak but unlike the whole isolated ovaries, the isolated granulosa cells showed no decrease in cAMP levels up to approximately 2 h before ovulation (Table 2) .
In one series of experiments (Table 3 ) the cAMP content in granulosa cells isolated from ovaries of 27-day old immature rats and from pre-ovulatory follicles was determined without measuring the amount of cAMP in the in¬ cubation medium. This experimental design was used to reproduce the experi¬ mental procedure utilized by Kolena 8c Channing (1971 Channing ( , 1972 and other in¬ vestigators, The levels of cAMP in rat granulosa cell pellets also correspond very closely to those reported for porcine granulosa cell pellets by Kolena 8c Channing (1972) . The amount of cAMP present in the tissue was only 10°/o of the total amount of cAMP in both tissue and medium after 15 min incuba¬ tion in the absence of a PDE inhibitor. In comparing the results of Kolena 8c Channing (1971 Channing ( , 1972 with those of the present study, it must thus be kept in mind that in the former studies only "tissue cAMP" was determined while in the majority of our own experiments the amount of cAMP in both tissue and medium was determined without preceding separation. This difference might be of special importance when stimulatory effects of gonadotrophins are studied since Selstam et al. (1976) in experiments on whole isolated in¬ cubated ovaries from immature rats found that the release of cAMP from tissue to medium was 2-3 times greater in the presence of LH when compared to FSH.
In studies on isolated granulosa cells from sheep follicles (diameter 4-6 mm) Weiss et al. (1976) reported levels of tissue cAMP which were low compared with the cAMP levels in both porcine and rat granulosa cells. This discrepancy might be due partly to species differences but possibly to the isolation pro¬ cedure. The latter explanation may further be strengthened by the fact that these investigators could not demonstrate any significant stimulation of cAMP formation by gonadotrophins or PGE?.
In conclusion -the capacity of rat granulosa cells to form cAMP is not markedly increased with the development of the follicle. cAMP formation in granulosa cells from small to medium-sized follicles is stimulated by FSH while LH has no effect. The formation of cAMP in granulosa cells from preovulatory follicles can be stimulated by both LH and FSH although the me¬ chanism^) for the formation and degradation of cAMP in tissue and incubation medium seem(s) to be different.
